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(37) ABSTRACT

The present invention provides a direct-light backlight mod-
ule and a liquid crystal display device. The direct-light back-
light module includes at least two light sources; a diffuser
place, disposed above the light sources; a reflection plate,
disposed beneath the light sources; and an optical film, dis-
posed on top of diffuser plate, further including a plurality of
via holes disposed at corresponding areas on the optical film
between two neighboring light sources; and further including
a liquid crystal panel, disposed on top of the optical film.
Through this manner, the present invention can realize the
thin design of liquid crystal display device, with the lumi-
nance uniformity of backlight module.

18 Claims, 4 Drawing Sheets
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DIRECT-LIGHT BACKLIGHT MODULE AND
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to the field of liquid crystal
displaying techniques, and in particular to a direct-light back-
light module and liquid crystal display device.

2. The Related Arts

Recently, the flat panel TV techniques undergo fast devel-
opment and have replaced the conventional Cathode Ray
Tube (CRT) TV. The liquid crystal display TV 1s a flat panel
TV.

Because the liquid crystal panel cannot emit light, the
liquad crystal display requires a backlight module to provide
lighting to realize the image displaying on liquid crystal
panel. The known backlight module techniques can be
divided into the direct-light type and the edge-light type
according to the location of the light source. FIG. 1 shows a
schematic view of an embodiment of a current direct-light
backlight module. As shownin FIG. 1, a direct-light backlight
module includes an optical film 101, a diffuser plate 102 and
a light source 103. Optical film 101 of FIG. 1 consists of three
layers of films, and 1s disposed on top of diffuser plate 102.
Diffuser plate 102 1s disposed above light source 103, and
located at a light mixing distance D from light source 103.

Wherein the light mixing distance D between light source
103 and diffuser plate 102 must be suificiently long to ensure
the luminance uniformity of the backlight when viewing from
above optical film 101. However, this direct-light backlight
module will be thicker, which 1s a disadvantage to the thin
design of liquid crystal display. On the other hand, when
mixing light distance D 1s reduced, the thickness of direct-
light backlight module 1s also reduced. But, the reduction 1n
mixing light distance will lead to the non-uniformity of lumi-
nance of the backlight module. As shown 1n FIG. 2, the above
areas corresponding to light source 203 will be brighter, while
the areas between the corresponding areas will be darker and
lead to non-uniformity of luminance. The reason why the
areas between the corresponding areas will be darker 1s that
the amount of light reaching the areas 1s less, which 1s then
absorbed by optical film 201 when passing through; there-
fore, the light emitting from those areas will be even less, thus
showing darker areas.

The known solution to solve the above non-uniformity
problem 1s to increase the number of light bars, but the cost
will also be increased.

SUMMARY OF THE INVENTION

The technical 1ssue to be addressed by the present mven-
tion 1s to provide a direct-light backlight module and a liquid
crystal display device, which can realize both the luminance
uniformity of backlight module and thin design of hiquid
crystal display device.

The present invention provides a direct-light backhght
module, which comprises at least two light source; a diffuser
plate, disposed above the light sources; a reflection plate,
disposed beneath the light sources; an optical f1lm, disposed
on top of the diffuser plate, and disposed with a plurality of
via holes between locations corresponding two neighboring,
light sources. The plurality of via holes 1s uniformly distrib-
uted and the diameter of the via hole increases as the distance
to light source increases. Alternatively, both the diameters
and the distribution density of the via holes increase as the
distance to light source increases. Wherein, the optical film
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includes a diffuser film and two prism lenses, with diffuser
f1lm d1 Spo sed between two prism lenses and dlffuser plate or
two prism lenses disposed between diffuser film and difluser
plate.

According to a preferred embodiment of the present inven-
tion, via holes are disposed on diffuser film or prism lenses, or
both diffuser film and prism lenses.

According to a preferred embodiment of the present inven-
tion, prism lenses are made of PET matenal, and diffuser film
1s made of PET or PC matenial.

According to a preferred embodiment of the present inven-
tion, the cross-section of the prism lens surface consists of a
plurality of connected zigzag shapes or a plurality of con-
nected semicircles.

According to a preferred embodiment of the present mven-
tion, the light sources are LED light bars.

The present mvention provides a direct-light backhght
module, which comprises: at least two light source; a diffuser
plate, disposed above the light sources; a reﬂectlon plate,
disposed beneath the light sources; an optical f1lm, disposed
on top of the diffuser plate, and disposed with a plurality of
via holes between locations corresponding two neighboring
light sources.

According to a preferred embodiment of the present inven-
tion, the plurality of via holes 1s uniformly distributed and the
diameter of the via hole increases as the distance to light
SOUrce 1creases.

According to a preferred embodiment of the present mven-
tion, the diameters of via holes are the same, but the distribu-
tion density of via holes increases as the distance to light
SOUrce 1creases.

According to a preferred embodiment of the present inven-
tion, the optical film includes a diffuser film and two prism
lenses, with diffuser film disposed between two prism lenses
and diffuser plate, or two prism lenses disposed between
diffuser film and diffuser plate.

According to a preferred embodiment of the present inven-
tion, via holes are disposed on diffuser film or prism lenses, or
both diffuser film and prism lenses.

According to a preferred embodiment of the present mven-
tion, prism lenses are made of PET material, and diffuser film
1s made of PET or PC matenial.

According to a preferred embodiment of the present mven-
tion, the cross-section of the prism lens surface consists of a
plurality of connected zigzag shapes or a plurality of con-
nected semicircles.

According to a preferred embodiment of the present inven-
tion, the light sources are LED light bars.

The present invention provides a liquid crystal display
device, which comprises: at least two light source; a diffuser
plate, disposed above the light sources; a reflection plate,
disposed beneath the light sources; an optical film, disposed
on top of the diffuser plate, and disposed with a plurality of
via holes between locations corresponding two neighboring
light sources; and a liquid crystal panel, disposed on top of
optical film.

According to a preferred embodiment of the present mven-
tion, the plurality of via holes 1s uniformly distributed and the
diameter of the via hole increases as the distance to light
source increases, or the diameters of via holes are the same,
but the distribution density of via holes 1increases as the dis-
tance to light source increases.

According to a preferred embodiment of the present inven-
tion, the optical film includes a diffuser film and two prism
lenses, with diffuser film disposed between two prism lenses
and diffuser plate, or two prism lenses disposed between

diffuser film and diffuser plate.
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According to a preferred embodiment of the present inven-
tion, via holes are disposed on diffuser film or prism lenses, or
both diffuser film and prism lenses.

According to a preferred embodiment of the present inven-
tion, prism lenses are made of PET material, and diffuser film
1s made of PET or PC matenal.

According to a preferred embodiment of the present inven-
tion, the cross-section of the prism lens surface consists of a
plurality of connected zigzag shapes or a plurality of con-
nected semicircles.

According to a preferred embodiment of the present imnven-
tion, the light sources are LED light bars.

The efficacy of the present invention 1s that to be distin-
guished from the state of the art. The present invention
includes a plurality of via holes disposed at correspond areas
on the optical film between two neighboring light sources.
Through via holes on optical film, the amount of light passing
through the corresponding areas on the optical film between
two neighboring light sources increases so that the luminance
at those areas approximates or the same as the luminance to
the areas corresponding to above of light sources. In this
manner, the present invention can realize both the luminance
uniformity of backlight module and thin design of liquid
crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

To make the technical solution of the embodiments accord-
ing to the present invention, a briel description of the draw-
ings that are necessary for the illustration of the embodiments
will be given as follows. Apparently, the drawings described
below show only example embodiments of the present inven-
tion and for those having ordinary skills in the art, other
drawings may be easily obtained from these drawings without
paying any creative effort. In the drawings:

FIG. 1 1s a schematic view showing the structure of a
known direct-light backlight module;

FIG. 2 1s a schematic view showing the structure of another
known direct-light backlight module;

FIG. 3 1s a schematic view showing the structure of an
embodiment of a direct-light backlight module according to
the present invention;

FIG. 4 15 a schematic view showing the via hole distribu-
tion on optical film of an embodiment of a direct-light back-
light module according to the present invention;

FIG. 5 1s a schematic view showing the distribution of an
embodiment of a liquid crystal display device according to
the present invention; and

FIG. 6 1s an enlarged schematic view of the light sources in
an embodiment of liquid crystal display device of FIG. 5.

DETAILED DESCRIPTION OF THE.
PREFERRED EMBODIMENTS

Referring to FIG. 3, FIG. 3 1s a schematic view showing the
structure of an embodiment of a direct-light backlight module
according to the present invention. As shown in FIG. 3, the
direct-light backlight module includes an optical film 301,
diffuser plate 303, light sources 304 and a reflection plate 305,
where the number of light sources 1s at least two. Optical film
301 turther includes a diffuser film 301 A and two prism
lenses 301B, 301C.

In the present embodiment, reflection 305 1s disposed
beneath light sources 304. Difluser plate 303 1s disposed
above light sources 304 at a mixing light distance D light

L [T

sources 304. Optical film 301 1s disposed on top of diffuser
plate 303.
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Reflection plate 305 1s for reflecting light emitted from
light sources 304 to diffuser plate 303, which diffuses light
uniformly and emits the diffused light to optical film 301.
Optical film 301 performs light direction correction and focus
on the light to improve the front luminance.

To make the light emitted from light sources 304 to stay
uniform luminance and high efficiency to emit from the back-
light module, the present invention includes a plurality of via
holes 302 disposed at the corresponding areas on optical film
301 between two neighboring hgh‘[ sources 304. The plurahty

of via holes 302 1s disposed on diffuser film 301 A, or on pnsm
lenses 3018, 301C, or on both diffuser film 301 A and prism

lenses 3018, 301C.

In the present embodiment, light sources 304 are LED light
bars or any other lighting devices. Diffuser film 301A 1s made
of PET or PC material, and prism lenses 301B, 301C are made
of PET material. In addition, cross-section of the surfaces of
prism lenses 3018, 301C consists of a plurality of connected
zigzag shapes or a plurality of connected semicircles. Dii-

tuser film 301A can be disposed between two prism lenses

301B, 301C and diffuser plate 303, or two prism lenses 301B,
301C can be disposed between diffuser film 301A and dii-
tuser plate 303.

Referring to FIG. 4, FIG. 4 shows the distribution of via
holes 402 on optical film 403. As shown 1n FI1G. 4, a plurality
of via holes 403 1s disposed at the corresponding areas on
optical film 403 between two neighboring light sources 401.
The plurality of via holes 402 1s uniformly distributed and the
diameter of via hole 402 increases as the distance to light
sources 401 1increases. Alternatively, the diameters of via
holes 402 can stay the same, but the distribution density of via
holes 402 increase as the distance to light source 401
increases (not shown). Another alternative 1s that both diam-
cters of via holes 402 and the distribution density of via holes
402 increase as the distance to light source 401 increases (not
shown). As long as the light emitted from light sources 401
can keep uniform luminance and high efficiency to emit from
the backlight module, the diameters and distribution density
can be varied.

Referring to FIG. 5, FIG. 5 1s a schematic view showing the
distribution of an embodiment of a liquid crystal display
device according to the present invention. The liquid crystal
display device of the present invention includes a front frame
501, a liquad Crystal panel 502, a glue frame 503, an optical
ﬁlm 504, a diffuser plate 505, hght sources 306, a reflection
plate 507 and a back panel 508.

In the present embodiment, front frame 501 1s disposed on
top ol liquid crystal panel 502 to protect liquid crystal panel
502. Optical film 504 1s disposed on top of diffuser plate 505,
for performing light direction correction and focus on the
light from diffuser plate 505 to improve the front luminance.
Diffuser plate 503 1s disposed above light sources 506, for
diffusing light emitted from light sources 506 uniformly.
Light sources 506 are disposed above reflection plate 507.
Reflection plate 507 1s for reflecting light emitted downward
from light sources 506 to diffuser plate 505. Back panel 508
1s disposed at the bottom of the liquid crystal display device.
Glue frame 503 provides protection to the liguid crystal dis-
play device, and 1s disposed as a rectangular column struc-
ture. The 1nner cavity of the rectangular column structure of
the glue frame 503 to accommodate all the atorementioned
clements of the liquid crystal display device.

According to the present embodiment, glue frame 503 can
be any structure with a certain volume capacity, and no spe-
cific restriction 1s imposed by the present invention.

According to the present embodiment, optical film 504

turther includes a diffuser film and two prism lenses (not




US 9,052,544 B2

S

shown). The diffuser film can be disposed between two prism
lenses and diffuser plate 505, or two prism lenses can be
disposed between the diffuser film and diffuser plate 505,
wherein the diffuser film 1s made of PET or PC matenal,
prism lenses are made of PET material, and cross-section of
the surfaces of prism lenses consists of a plurality of con-
nected zigzag shapes or a plurality of connected semicircles.

To make the light emitted from light sources 506 to stay
uniform luminance and high efficiency to emit from optical
f1lm 504 to reach liquid crystal panel 502, the present mnven-
tion 1ncludes a plurality of via holes (not shown) disposed at
the corresponding areas on optical film 504 between two
neighboring light sources 506. As shown 1n FIG. 6, FIG. 6
shows an enlarged view of light sources in FIG. 5. Light
sources 506 are shaped as bar, with number more than one,
and arranged an 1n uniform layout. A plurality of via holes
(not shown) 1s disposed at the corresponding areas on optical
{1lm 504 between two neighboring light sources 306, wherein
via holes can be disposed on diffuser film or prism lenses, or
both diffuser film and prism lenses. The plurality of via holes
1s uniformly distributed and the diameter of via hole increases
as the distance to light sources increases. Alternatively, the
diameters of via holes can stay the same, but the distribution
density of via holes increase as the distance to light source
increases. Another alternative 1s that both diameters of via
holes and the distribution density of via holes increase as the
distance to light source increases. No specific restriction 1s
imposed by the present embodiment.

According to the present embodiment, light sources 506
are LED light bars or other lighting devices.

In summary, the present invention includes a plurality of
via holes disposed at correspond areas on the optical film
between two neighboring light sources. Through via holes on
optical film the amount of light passing through the corre-
sponding areas on the optical film between two neighboring
light sources increases so that the luminance at those areas
approximates or the same as the luminance to the areas cor-
responding to above of light sources. In this manner, the
present invention can realize both the luminance uniformity
of backlight module and thin design of liquid crystal display
device.

Embodiments of the present invention have been
described, but not intending to impose any unduly constraint
to the appended claims. Any modification of equivalent struc-
ture or equivalent process made according to the disclosure
and drawings of the present invention, or any application
thereol, directly or indirectly, to other related fields of tech-
nique, 1s considered encompassed 1n the scope of protection
defined by the claims of the present invention.

What is claimed 1s:

1. A direct-light backlight module, comprising:

at least two light sources;

a diffuser plate, disposed above said light sources;

a retlection plate, disposed beneath said light sources; and

an optical film, disposed on top of said diffuser plate,

further comprising two first areas without via holes dis-
posed therein, a second area between and immediately
connected with said two first areas and a plurality of via
holes; said two first areas each disposed directly above a
corresponding one of two neighboring said light
sources, said second area disposed between said two
neighboring light sources, and said plurality of via holes
disposed 1n said second area of said optical film; said
plurality of via holes being uniformly distributed and
diameter of via hole increasing as distance to said light
sources increases; or, diameters of via holes staying the
same, but distribution density of via holes increasing as
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distance to said light sources increases; or, both diam-
cters of via holes and distribution density of via holes
increasing as distance to said light sources increases;

wherein said optical film turther comprising a diffuser film
and two prism lenses, said diffuser film being disposed
between two said prism lenses and said diffuser plate, or
two said prism lenses being disposed between said dif-
fuser film and said diffuser plate; and cross-sections of
surfaces of said two prism lenses consists of a plurality
of connected zigzag shapes or a plurality of connected
semicircles.
2. The direct-light backlight module as claimed 1n claim 1,
wherein said plurality of via holes are disposed on said dii-
fuser film.
3. The direct-light backlight module as claimed in claim 1,
wherein said prism lenses are made of PE'T material, and said
diffuser film 1s made of PET or PC material.
4. The direct-light backlight module as claimed 1n claim 1,
wherein said light sources are LED light bars.
5. A direct-light backlight module, comprising:
at least two light sources;
a diffuser plate, disposed above said light sources;
a retlection plate, disposed beneath said light sources; and
an optical film, disposed on top of said diffuser plate,
further comprising two first areas without via holes dis-
posed therein, a second area between and immediately
connected with said two first areas and a plurality of via
holes; said two first areas each disposed directly above a
corresponding one of two neighboring said light
sources, said second area disposed between said two
neighboring light sources, and said plurality of via holes
disposed 1n said second area of said optical film;

wherein said optical film further comprises a diffuser film
and two prism lenses, said diffuser film 1s disposed
between two said prism lenses and said diffuser plate, or
two said prism lenses 1s disposed between said difluser
film and said diffuser plate; and cross-sections of sur-
faces of said prism lenses consists of a plurality of con-
nected zigzag shapes or a plurality of connected semi-
circles.

6. The direct-light backlight module as claimed 1n claim 5,
wherein said plurality of via holes 1s uniformly distributed
and diameter of via hole increases as distance to said light
SOUrCes 1ncreases.

7. The direct-light backlight module as claimed 1n claim 5,
wherein diameters of via holes stay the same, but distribution
density of via holes increases as distance to said light sources
1ncreases.

8. The direct-light backlight module as claimed 1n claim 5,
wherein said plurality of via holes are disposed on said dii-
fuser film.

9. The direct-light backlight module as claimed 1n claim 5,
wherein said prism lenses are made of PET matenial, and said
diffuser film 1s made of PET or PC material.

10. The direct-light backlight module as claimed 1n claim
5, wherein said light sources are LED light bars.

11. A liquid crystal display device, comprising:

at least two light sources;

a diffuser plate, disposed above said light sources;

a retlection plate, disposed beneath said light sources;

an optical film, disposed on top of said diffuser plate,

further comprising two first areas without via holes dis-
posed therein a second area between and immediately
connected with said two first areas and a plurality of via
holes; said two first areas each disposed directly above a
corresponding one of two neighboring said light
sources, said second area disposed between said two
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neighboring light sources, and said plurality of via holes
disposed 1n said second area of said optical film; and

a liquid crystal panel, disposed on top of said optical film;

wherein said optical film further comprises a diffuser film

and two prism lenses, said diffuser film 1s disposed
between two said prism lenses and said diffuser plate, or
two said prism lenses 1s disposed between said diffuser
film and said diffuser plate; and cross-sections of sur-
faces of said prism lenses consists of a plurality of con-
nected zigzag shapes or a plurality of connected semi-
circles.

12. The liquid crystal display device as claimed 1n claim
11, wherein said plurality of via holes 1s uniformly distributed
and diameter of via hole increases as distance to said light
sources increases; or, diameters of via holes stay the same, but
distribution density of via holes increases as distance to said
light sources increases.

13. The liquid crystal display device as claimed 1n claim
11, wherein said plurality of via holes are disposed on said

diffuser film.
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14. The liquid crystal display device as claimed in claim
11, wherein said prism lenses are made of PET maternial, and
said diffuser film 1s made of PET or PC matenal.

15. The liquid crystal display device as claimed 1n claim
11, wherein said light sources are LED light bars.

16. The direct-light backlight module as claimed 1n claim
1, wherein said plurality of via holes are disposed on and
penetrating through two said prism lenses, or on and penetrat-
ing through both two said prism lenses and said diffuser film.

17. The direct-light backlight module as claimed in claim
5, wherein said plurality of via holes are disposed on and
penetrating through two said prism lenses, or on and penetrat-
ing through both two said prism lenses and said diffuser film.

18. The liquid crystal display device as claimed in claim
11, wherein said plurality of via holes are disposed on and
penetrating through two said prism lenses, or on and penetrat-
ing through both two said prism lenses and said diffuser film.
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